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(54) Styrenic block copolymer compositions to be used for the manufacture of transparent, gel 
free films 



(57) A composition to be used for the manufacture 
of transparent, gelfree films, comprising: 

a) at least 65 wt% of a styrenic blocic copolymer, 
having a molecular structure according to the for- 
mula 



S-(l/B)-S (1) or [S-(l/B)]n X (2), 

wherein each S independently Is a polymer blocl< of 
predominantly styrene and (l/B) is a substantially 
random polymer block of predominantly jsoprene 
and butadiene In a mutual weight ratio In the range 
of from 30/70 to 70/30, wherein said polymer block 
(l/B) has a glass transition temperature (Tg) of at 
most -60*C (determined according to ASTM E- 
1 356-98), wherein n is an integer equal to or greater 
than 2, and wherein X is the residue of a coupling 
agenti wherein said styrente block copolymer hav- 



ing a poly(styrene) content in the range of from 28 
to 31 % by weight, having poly(styrene) blocks S of 
an apparent molecular weight in the range of from 
10,000 to 15,000, having an apparent molecular 
weight of the complete block copolymer in the range 
of from 1 1 0,000 to 1 60,000 and wherein the diblock 
S-(l/B) optionally occurs in a content of at most 20 
mol%, 

b) from 5 to 25 wt% of a second thennoplastic resin, 

c) from 1 to 10 wt% of a plasticizing oil, the sum of 
the percentages of the components a, b and c being 
100%, and all weight percentages being relative to 
the weight of the complete composition and extmd- 
ed or cast or blown mono- or multi-layer films pre- 
pared from them. 
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Description 

Field of the Invention 
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* !rspLrt.^gr^e"fi'r""°" "^^^ *° ^'^^ compositions to be used for the manufacture of 

!Jn.?.„ ""^ '^'^'^^ '° ~P°'y^«^ compositions which comprise a styrenic 

block copolymer, compnsing at least one central blodc obtainable by at random copolymerization of predomSS 
.soprene and butadiene, to be used for the manufacture of mono- or multilayer filrJ^ foVapplicLL in Cpe^^^^^^^^^ 
10 hygiene industry and showing an improved quality. nHHiMiuon m me personal 

Background of the invention 

S-c-^'^**""^"" compositions which an be easily extruded into elastic films having low stress relaxation low 

E^sri^p^L^^^^^^ 

?I.Tih'^^*^!K?^'""^.^P'""^*'°"^ ^'^^^'^ P^^^°"^' '^ysi^"^ are related to stringent requirements 

on mechanical behaviour, i.e. combination of stiffness (high modulus) and excellent elasticity (good stri Son 
and low hysteresis and pemianent set) is needed. reiaxaiion 

[0006] One of the greatest challenges in this field is still to find a good balance between flowA/iscoslty and the me- 
chanical properties mentioned above. ™»i«.«.iiy ana me me 

[0007] It is an object of the present Invention to provide compositions, have an Improved balance of properties in 

or multi-layer f^kns. i.e. compositions showing a higher melt flow rate (MFR) providing softer, transparent Jims wTtSoSt 
fines/fish eyes/gels, in combination with lower tensile strength and lower modulus and low^ g^^^'^"' 

Summary of the Invention 

SLZingT'"^^ ' " "'"^ manufacture of transparent, gel free films. 

mt'rsll^^r? r?. "r"*" •"*»°,'^f°P°'y™^- ^'^^'"g « molecular structure acconiing to the fomiula S-(l/B)-S 
1 . ^ ^' . ® 'ndependentV is a polymer block of predominantly styrene and (l/B) is a 

rdlZt ? ° "^S.'''' ""'^'^ "'"^^^ •'^^ « »«'"P««t"'« (?g) « mist -60OC 

^etemuned according to ASTM E-1356-98). wherein n is an integer equal to or greater than 2 and wherein X fe 

TfZ'rto 3i7rwir r'^'^r^^^^^^ 

% Z f„ % nnn ^ ' ""^ P°'y<s«y^e"e) blocks S of an apparent molecular weight in the range of frl 
1 So i«n nl T r ^P"''"* ""'3ht of the complete block copolymer in the mnge of from 

1 0.000 to 160.000 and wherein the diblock S-(im) optionally occure in a content of at most 20 mole% 
b) from 5 to 25 wt% of a themioplastic resin, which is different from component (a) 

fnlT ^ °' ^ Plasacizing oil. the sum of the percentages of the components a. b and c being 100% 

and all weight percentages being relative to the weight of the complete composition. 

[0009] It will be appreciated that another aspect of the invention is fomied by extruded mono- or multi-laver films 
Detailed description of the invention 

[0010] Compositions according to the present invention comprise at least 65 wt% of at least one block copolymer of 
55 ^'^ f^'^"^^^" ^ """^ ^^"^^'^ '^'^ predominantly isoprene and butadiene ^ 

S 2 in nSfiw'"''^ composlttens comprise said btock copolymer In weight proportions of from 70 to 90 wt%. 

SSil """'^ ^ '"""^ "^^^ '° ^^"^ '^'^ """St preferably from 48/52 to 
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[0013] With the terms "predominantly styrene"ancl "predominantly butadiene"respectivety, as used throughout the 
specification, are meant that for the respective bioci<s to be prepared, substantially pure styrene or mixtures comprising 
at teas! 95 wt% of styrene and minor amounts of other comonomers can be used, and substantially pure butadiene or 
mixtures comprising at least 95 wt% of butadiene and minor amounts of other comonomers, can be used. 
[001 4] The small proportions of other comonomers in the polystyrene blocks can consist of structurally related comon- 
omers such as alpha-methyl styrene, p-methyl styrene, o-methyl styrene, p*test.butyl styrene, dimethyl styrene and 
vinyl naphtalene, or butadiene and/or isoprene. 

[0015] The small proportions of other comonomers in the poly(isoprene/butadiene) block can consist of styrene and/ 
or structurally related alkadienes. 

[0016] However, prefen-ed block coplymers to be applied according to the present invention contain blocks of sub- 
stantially pure styrene and mixtures of substantially pure Isoprene and butadiene. 

[0017] The block copolymer according to the present invention may be branched or linear and may be a triblock, 
tetrabiock or muitlblock. 

[0018] It has a structure represented by the general fomnulae 

S-(l/B)-S (1) 

or 



[S-(l/B)]nX (2) 

wherein each S Independently is a polymer block of predominantly styrene and (l/B) is a copolymer block of substantially 
at randomly polymerized mixtures of Isoprene and butadiene. In a mutual weight ratio In the range of from 40/60 to 
60/40 wt% and preferably from 45/55 to 65/45 wt% and more preferably from 48/52 to 52/48 wt%, wherein said (l/B) 
block has a glass transition temperature (Tg) of at most -60°C and preferably in the range of from -85 to -76*»C (deter- 
mined according to ASTM E-1 356-98), wherein n is an integer equal to or greater than 2, and wherein X is the residue 
of a coupling agent. 

[001 9] The polymer blocks S have an apparent molecular weight in the range of from 1 0,000 to 1 5,000 and preferably 
from 10,500 to 14,800, 

[0020] The poly(styrene) content (PSC) in said block copolymers is in the range of from 28 to 31 wt% and preferably 
from 29 to 30 wl%. 

[0021 ] The block copolymers to be used according to the present invention preferably contain 1 ,2-vlnyl bonds and/ 
or 3,4 vinyl bonds in a proportion of at most 1 5 wt%, based on the weight of conjugated diene and preferably of at most 
10wt%. 

[0022] The block copolymers according the present invention preferably have a storage modulus (gl) of from 1 to 1 0 

MPa In a viscoelastlclty measurement, in a temperature (7) range of from 0 to SO^'C, and only one peak on loss tangent 

(tan 8) attributable to the mixed isoprene/butadlene polymer block at a temperature of - 55°C or below. 

[0023] With the temri "substantially at random polymerized mixtures of isoprene and butadiene" is actually meant 

that the central (l/B) blocks only contain average homopolymer block lengths of less than 100 monomer units and 

preferably of less than 50 monomer units and more preferably of less than 20 monomer units. 

[0024] Said average homopolymer block length may be determined by various methods, 

[0025] The method used in the present application is based on carbon-1 3 NMR and said method has been disclosed 

in detail in WO 02/057386A, pages 12, 13, 14 and 15. 

[0026] The block copolymers according to the present inventton can be prepared by full sequential polymerization 
of predetemilned batches of predominantly styrene monomer, of isoprene/butadlene mixtures and of predominantly 
styrene respectively (for triblock copolymers S-(l/B)-S) by anionic polymerization in an inert organic solvent, or by 
coupling of an initially prepared living diblock copolymer, obtained by sequential polymerization of predetemnined batch- 
es of predominantly styrene and of predominantly isoprene/butadlene by anionic polymerization in an inert organic 
solvent, with a coupling agent (to provide triblock or muitlblock copolymers). 

[0027] In both preparation methods the remaining living block copolymers have to be terminated by addition of a 
proton donating agent, such as an alkanol, e.g. ethanol or water. 

[0028] It will be appreciated that block copolymers, prepared by means of coupling of living diblock copolymers by 
means of a coupling agent and tennination of remaining living block copolymers, will finally contain small amounts (I. 
e. less than 20 mole% and preferably less than 15 mole% and more preferably less than 10 moIe%) of diblock copol- 
ymer, having the same S blocks (mole% relative to the weight of the total block copolymer). 
[0029] As examples of the coupling agent may be mentioned tin coupling agents such as tin dichloride, monomethyltin 
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such as the diglycidyl ether of bisphenol-A (eTEPoS 

Sed ' ' '''' "^'^"'^ '^'"^-''e-ne. tetramethoxysilane Jdimethyldtohlorosilane are 

[0031] The apparent molecular weights of the comptete block copolymers and each of the intPm.aHio. 

have been determinedby Gel Pemieatlon Chromatography and exoressed^ tT™!!.5l! '"'^""^^'^'^ P^^^"'^''^ 

.he method described by J.R. Runyon et al in J. Po Jm'&i S mgI'^ of standard polystyrene), by using 

organollthlum compounds having the geneSfoTute ^ ^^"^"^ polymerization initiators are 



RU 



[0034] The blocic copolymers according to the general fomiulaeM^anH/9\^=oi,„ ^ u 

common processes used forthepreoaratlonofS B rt«^hV^ k ^ ^ ""^"^ ""^'^ adaptation of 

a mixture of butadlen^rprene iS^^^ 



Component (b) 



55 



Of serene and other crpStlZm^/s"^^^^^ 
EcaScL^^o'^^^^^^^^^^^ 

patlble comonomers. such as atoha meZ stS S^^^ homopolymers or copolymers of styrene and other com- 
(phenylene) resins. ^ ^ '"^"'^ ^'"^ °^ "lends of polystyrene and poly 

[0040] A more preferred component (b) is PS 144c poly(stvrene) resin of raqp <!=w « k k 
composttlons of the present Invemion fll,^. whfch are ^ari^S iT^L 
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[0041 ] The composition preferably comprises from 8 to 1 2 %w of the second different polymer, relative to the weight 
of the complete composition. 

Component fc) 

5 

[0042] Suitable plasticizers include plasticizing oils like low aromatic content hydrocarbon oils that are parafflnic or 
naphthenic in character (carbon aromatic distribution < 5%, preferably < 2%, more preferably 0% as detennlned ac- 
cording to DIN 51378). Those products are commercially available from the Royal Dutch/Shell Group of companies, 
like SHELLFLEX, CATENEX, and ONDINA oils. Other oils include KAYDOL oil from Witco, orTUFFLO oils from Arco 

10 or PRIMOL oils from EXXON-MOBIL. Other plasticizers include compatible liquid tackifying resins like REGALREZ R- 
1018. (SHELLFLEX, CATENEX, ONDINA, KAYDOL, TUFFLO. PRIMOL and REGALREZ are trademarks). 
[0043] Other plasticizers may also be added, like olefin oligomers; low molecular weight polymers (< 30,000 g/mol) 
like liquid poiybutene, liquid polyisoprene copolymers, liquid styrene/isoprene copolymers or liquid hydrogenated sty- 
rene/conjugated diene copolymers; vegetable oils and their derivatives; or paraffin and microcrystalline waxes. 

15 [0044] More preferably the plastlclzer represents a plasticizing oil selected from paraffinic or naphtenic oils, in an 
amount of from 4 to 6 wt%, relative to the weight of the complete composition. 

Additional auxiliaries 

20 [0045] Other rubber components may be incorporated into the adhesive compositions according to the present in- 
vention. It is also known In the art that various other components can be added to modify the tack, the odor, the color 
of the present compositions and of the resulting film. Antioxidants and other stabilizing ingredients can also be added 
to protect the composition of the present invention from degradation Induced by heat, light and processing or during 
storage. 

25 [0046] Several types of antioxidants can be used, either primary antioxidants like hindered phenols or secondary 
antioxidants like phosphite derivatives or blends thereof. Examples of commercially available antioxidants are IRGA- 
NOX 565 from Ciba-Geigy (2.4-bis-(n-octylthio)-6-(4-hydroxy-3,5-di-tertiaiy-butyl anillno)-1 ,3,5-triazine), IRGANOX 
1010 from Ciba-Geigy (tetrakis-ethylene-(3,5-di-tertiary-butyl-4-hydroxy-hydrocinnamate)methane) and POLYGARD 
HR from Uniroyal (tris-(2,4-dl-tertiary-butyi-phenyl)phosphrte). Other antioxidants developed to protect the gelling of 

30 the polybutadlene segments can also be use, like the SUM ILIZER GS from Sumitomo (2[1 -(2-hydroxy-3,5-di-terpentyl- 
phenyl)ethyl)]-4,6-di-tert-pentylphenylacrylate); SUMILIZER T-PD from Sumitomo (pentaerythrythyltetrakls(3-do- 
decylthiopropionate)); or mixtures thereof. (IRGANOX, POLYGARD and SUMILIZER are trademarics). 

Preparation of the composition 

35 

[0047] No particular limitation Is Imposed on the preparation process of the compositions according to the present 
invention for the manufacture of films. 

[0048] Therefore, there may be used any process such as a mechanically mixing process making use of rolls, a 
Banbury mixer or a Dalton kneader, or twin-screw extruder, thereby obtaining an intimate solution of the composition 
40 aimed at. 

Use of the composition 

[0049] The composition according to the present Invention Is used for the manufacture of transparent, gel free and 
45 preferably water-white, cast extruded or extrusion blown films, the combination of mechanical of which and the viscosity 
of the composition under processing conditions, has been found to be very attractive. 

[0050] More in particular the composition shows an improved balance of properties of films in personal hygiene 
applications. I.e. a combination of higher melt flow rate (MFR) and providing softer transparent water-white mono- or 
multi-layer films showing lower tensile strength, low modulus, lower set and no fines/fish eyes/gels. 
so [0051] The present invention will hereinafter be described more specifically by reference to the following examples 
and comparative examples, however without restricting its scope to these specific embodiments. 
[0052] Inddentalty, all designations of "parts" and as will be used in the following examples mean parts by weight 
and wt% unless expressly noted otherwise. 

ss Examples 

[0053] Synthesis of block copolymers A and B. Cyclohexane, styrene, butadiene and isoprene were purified by ac- 
tivated aluminiumoxide and stored at 4^0 under a nitrogen atmosphere. 
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[0054] Dibromoethane (EDB) was used as coupling agent 

10057] As initiatorsec. BuLi was dosed, immediately followed by styrene monomer which was allowPritn„ni„™. • 

P«1 Dry block copolym., was obtained by stMm coaguteHon floShing, folto«M by <l,y™ m ao oten 

POM] Tl,a pojmer was analyzaa by GPC ««ort„g ,o ,ha method dasoibca in us Rati „i 55,6 824 .„d 

6.4M.4M, wlii* h^eln incn»«ad b, ,«a»oce. T*, results .f Gi=o analysis ha» b^ iiZi' in T«e7 

Table 1 



Polymer 


A 


B 


Mwpoly(styrene)*103 


14.8 


10.9 


Mw Total blockcopol *1 03 


153 


117 


Coupling efficiency % 


86 




Poly(styrene content 


29.5 


30.0 


l/B ratio 


50/50 


50/50 


VinylinBwt% 


8 


8 


Vinyl in 1 wt% 


6 


5 



S al dS;tSSe"^ ""^ "'"^ "<= «a .lie 

svsi^^'s:LTeir*s;r^^^^^ 

01 1 0 SM 0% (wM o( i»l,mer solutions in (5x:i3 w,,. iSrj2^™, 

Sdr„z»:rrr :,2trar »• •» '-^•»- - 



Table 2 



KRATOND1152 ES 


IS a linear styrene-butadlene-styrene block copolymer with a PSC of 29 5 % a total 
molecular weight of 122,000 and a coupling efficiency of 83% ' ' 


KRAT0ND1161 NS 


IS a linear styrene-isoprene-styrene block copolymer with a PSC of 15 %. a total molecular 
weight of 220.000 and a coupling efficiency of 81% ' molecular 


KRATON D 


Is a linear styrene-butadlene-styrene block 


1102 CS 


SE^omi''^'' ' '""^ °' '^'•'^ « ~"P«"9 


BASF PS 144c j 


is a homo poly(styrene) polymer 
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Table 2 (continued) 


PRIMOL352 


is a paraffinic oil 


IRGANOX565 


is an antioxidant fronn CIBA-GEIGY 




EPOLENEC:10 


is a iow density poiy(ethyiene)from EASTI\/IAN 


DOWLEX SC2107 


is a linear low density poly(ethylene) from DOW CHEMICAL 
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Test methods 
[0068] 

• Melt flow rate (MFR): ASTM D 1238-95 (230»C, 2.16 kg) 

• Tensile properties according to ASTM D 882-81 (tested on films 

• Hysteresis: films are elongated to 80%extension at a speed of 1 00 mm/sec riopd <5tPn^ how f«r Qn ^ *u 
r^edtozeroforc.(un.oadstep.Asecondcyc.e,o..o'ws right afte^^^^^^ 

difference m enrgy between the load and unload step. Permanent set is measured as the dWereJ^ bet^ln the 

('^"^^ ^^-'"-) sample length before thHS ^d^^^^^^^ 

[0069] It will be appreciated from the results in Table 4 that the use of the block copolymers A and B ri/Bi in 
c^pos^ons I -X. provides an Improved processing stability, an improved film qua^^'and Sl^ua mj^^^^^ 
properties, as compared to composrtions. comprising blends of SBS and SIS block copolymers ^ 

Claims 

1. A composition to be used for the manufacture of transparent, geifree films, comprising: 

a) at least 65 wt% of a styrenfc block copolymer, having a molecular structure according to the fomiula 

S-(l/B)-S 



or 



[S-(l/B)]nX (2), 



wherein each S independently is a polymer block of predominantly styrene and (l/B) is a substantially/ ™nH«m 

70/30 wherein said polymer block (l/B) has a glass transition temperature (Tq) of at most -60«C (Zttn^inln 
ac«ordingtoASTME.1356-98),whereinnisanintegerequalto 

To ^00 ots oor£n„ ' "^''^TT '"^'^ ^ °' "^^"^^ ««'3ht in the range of from 

1^000 to ?^oS;,!r^^^^^^ 

b l^iVS'^ T . u ^ ^^^^^ '^"'^ « «»"te"t of at most 20 mc3% 

b) from S to 25 wt% of a second thermoplastic resin 

and all weight percentages being relative to the weight of the complete composition. 
2. Acompositionacco,dingtoclaim1.whereinthecomponent(a)occursinaweightpmportionoffrom70to90^^^ 
^' fn3f o?" ^ *° ^ • P°'y^^'' ""^"^ C^) has average homopolymer block lenath PB re 

r.^lu!!:^,^^TiZ^^^^ ''^ '^^'^"^ "^"^ "^'"^^ '>'^<^'-e is in the 

5. A composition according to claim 1 . wherein component (b) occurs in a weight proportion of from 8 to 12 wt%. 

" ^Ze^rpS:^^^^^^^^ 

7. Acompositionaccordingtoclaim1.whereinthecomponent(c)occu,sinaweightproportlonoffrx,m4to6wt%. 
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8. A composition according to claim 1 , wherein the component (a) comprises poly(styrene) blocks S, having an ap- 
parent molecular weight In the range of from 1 0,500 to 1 5,000, and said block copolymer has an apparent molecular 
weight of from 1 1 ,500 to 1 55,000, and has a poly(styrene) content of from 29 to 30 %, and has a diblock S-{l/B) 
content of from 0 to 15 mole%. 

9. Extruded mono- or multi-layer films prepared from the compositions according to claims 1 -8. 

10. Cast or blown mono- or multi-layer films for personal hygiene applications, prepared from the compositions ac- 
cording to claims 1-8. 
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